Purpose Although three or more liver transplantation (LT)s in the same patient arouse not only medical but also ethical issues in the context of organ shortage, it is a fact that additional liver retransplantation (reLT) is the only lifesaving treatment option for those with graft failure after a second LT. However, little is known regarding the risks and benefits associated with a third LT. Methods We analyzed fifteen cases of third LT and 48 of second LT performed between January 2000 and December 2010. Clinical outcomes were compared with those of second LT cases performed during the same period. Results Model for end-stage liver disease (MELD) scores at transplant was similar between the two groups. As for surgical aspects, there was no significant difference in operative time or number of units of red blood cells transfused during the transplant procedures between the groups. Patient and graft survival after the third LT at 1, 3, and 10 years were 66.7, 51.9, and 44.4 %, and 66.7, 51.9, and 29.6 %, respectively. There was no significant difference in patient or graft survival between the groups. However, graft loss within 3 months after the third LT was significantly higher than that of second LT patients. Conclusion Third LT cases showed acceptable short-and long-term outcomes that were not significantly inferior to those of a second LT. Careful patient care especially in the early phase after a third LT may be essential to improve the outcome.
Introduction
Liver transplantation (LT) has become a curative option for patients with end-stage liver disease, with acceptable results as 5-year patient and graft survival rates after LT have reportedly increased to 75 and 66 %, respectively [1] . However, a substantial number of patients who undergo LT develop graft failure for various reasons and require a second LT.
Second LT has been frequently discussed [2] [3] [4] [5] [6] [7] [8] [9] [10] . Despite strict patient selection, and improvements in surgical technique and post-transplant patient care, the results of second LT are inferior to those of primary LT, and a substantial number of patients experience irreversible graft failure following the second procedure [2, 5, 9, 10] . In addition, instances of recurrent disease have recently increased along with indications for a second LT [11] . Since disease can recur even after a second LT, the requirement of a third or subsequent LT may be growing in the near future. A third LT is theoretically considered to be associated with inferior results as compared to a second LT, because of surgical difficulties related to the previous two liver transplants, as well as, the longer duration of liver disease and immunosuppressive therapy. However, few reports have focused on more than two transplantation procedures performed in the same patient for recurring graft failure. Although a third LT is the only curative option for patients with liver failure after a second LT, a third procedure should be precluded if its results are anticipated to be unacceptable and significantly inferior to those of a second LT. This is because performance of more than two transplantations in the same patient has medical and ethical issues in the context of the considerable disparity between donor availability and the demand for LT. To optimize the utility of three or more LTs, it is imperative to estimate the risks and benefits of a third procedure.
The purpose of the present study is to identify the indications, surgical aspects, and outcomes of a third LT and determine whether a third procedure is comparable to a second. We investigated short-and long-term outcomes of third LT, and compared them with those of second LT in patients treated at a single transplant centre during the same period. Given the fact that a second LT is associated with lower patient and graft survival than a primary LT, it is reasonable that the outcome of a third LT will also be inferior to that of primary LT. Therefore, it is more practical to compare third LT outcomes to second LT outcomes to determine if a third LT has equivalent acceptability to a second procedure, which is considered worthwhile despite the risk of poor outcome [2, 4, [6] [7] [8] 10] .
Methods

Patients and methods
Between January 2000 and December 2010, 778 LTs were performed at London Health Science Centre, including 48 s LTs, 15 third LTs, and 2 fourth LTs. We retrospectively reviewed third LT cases in this cohort in regard to patient demographics, indications for the primary and third LTs, intervals between the primary, second, and third LTs, and creatinine level and model for end-stage liver disease (MELD) score at the time of the third procedure. As for the surgical aspects, we recorded the number of units of packed red blood cells transfused during the transplant and the duration of the operation. We also reviewed donor characteristics, including cold ischemia time (CIT) for the third LT. Finally, patient and graft survivals after the third LT were noted. Patients were examined on an as-needed basis and at least yearly. Preoperative and surgical technical aspects, and clinical outcomes of the third LTs were compared with those of the second LTs performed during the same period at our centre.
The hepatic veins were reconstructed by inferior vena cava replacement in most patients. A venovenous bypass was used selectively in patients, who were judged to be intolerant of caval occlusion, and the piggy-back technique was occasionally used. The bile duct was basically reconstructed in a duct-to-duct fashion, though a choledochojejunostomy was chosen when dictated by other circumstances at the discretion of the surgeon. All patients received similar immunosuppression, which consisted of tacrolimus (trough levels 8-12 ng/ml), mycophenolate mofetil, and scheduled tapering prednisone.
The livers for all second and third LTs were harvested from brain-dead donors. Four males and eleven females with a median age of 43 (15-82) years and median body weight of 64.5 (42.1-79) kg were donors for the third LTs, and 42 males and 6 females with a median age of 37 (14-84) years and a median body weight of 71.5 (36.5-102) kg were donors for the second LTs. The main cause of brain death of the donors in the third LT group was cerebrovascular accident in 9 cases, trauma in 3, anoxia in 1, and others in 2, while the main cause in the second LT group was trauma in 21 cases, cerebrovascular accident in 19, anoxia in 5, and others in 3.
The present review of patient medical records was approved by the ethics review board of the University of Western Ontario.
Statistical comparisons
Continuous variables are presented as a median (range) and compared using a Mann-Whitney U test. Survival curve estimates were calculated according to the Kaplan-Meier method and compared using a log-rank test. Fisher's exact test was used to compare categorical data. P \ 0.05 was considered to be statistically significant.
Results
In the 15 patients who underwent 3 LTs, the primary liver disease (indication for the first LT) was primary sclerosing cholangitis (PSC) in 4 patients, hepatitis C virus (HCV)-related cirrhosis in 2, autoimmune hepatitis (AIH) in 2, alcoholic cirrhosis in 2, cryptogenic cirrhosis in 2, hepatitis B virus (HBV)-related cirrhosis in 1, Budd-Chiari syndrome in 1, and nonalcoholic steatohepatitis cirrhosis in 1. The indications for second and third LTs are shown in Table 1 . HCV recurrence was not an indication for third LT.
Recipient and donor demographics were also compared between the second and third LT groups (Table 2) . Eleven males and four females underwent third LT; their median age was 47 (21-67) years. Twenty-eight males and twenty females underwent second LT; their median age was 44 (19-69) years. Recipient age and sex in the third LT group were similar to those in the second LT group. There was no significant difference in donor age and weight between the groups, but female donors were significantly more frequent in the third LT group.
Pre-and post-transplant variables and surgical aspects were compared between the groups (Table 3 ). The median MELD score and creatinine level at transplant in the third Hepatol Int (2013) 7:728-733 729
LT group were 25.4 (6.0-34.5) and 117 (32-230) lmol/l, respectively. These values were similar to those in the second LT group (MELD: 27.4, 7.4-40.0 and creatinine level: 113, 23-415 lmol/l). In the third LT group, the median interval between the primary and third LT was 2,829 (439-6,608) days, while that between the second and third LT was 1,247 (2-3,686) days. In the second LT group, the median interval between the primary and second LT was 496 days. The interval between primary and second LT in the second LT group did not significantly differ from the interval between the second and third LT in the third LT group. The waiting time on the transplant list for a third liver transplantation was a median 44 (1-533) days, while the median CIT in the third LT group was 445 (233-571) min. These variables were comparable between the second and third LT groups. As for the operative aspects, the median amount of red blood cell transfusion during the operation was 11. There was no significant difference in patient or graft survival between the groups (Fig. 1) . The 5-year patient and graft survival in the third LT group were inferior to those in the second LT group, but the difference was not significant (p = 0.089 and 0.126, respectively).
Discussion
We retrospectively evaluated the short-and long-term outcomes of patients who underwent a third LT. Our findings showed that patient and graft survival after third LT were not significantly inferior to those after second LT. However, graft loss within 3 months after surgery was significantly higher after third LT than after second LT. Advances in surgical techniques and medical care have significantly improved patient and graft survival after transplantation [1] . However, virtually all primary indications for LT can recur, and a subset of these patients develops graft failure [11] . In addition, a steady increase in the long-term survival of primary transplant recipients has resulted in an increasing population of individuals who may ultimately require additional grafts [11] . One model predicted that the number of repeat LT candidates will eventually outstrip the number of potential donors [12] .
Currently, however, cases of a third LT after a second graft failure are uncommon, and repeat LT in this setting has only been pursued in a few large transplant centres. Given that repeat LT for the recurrence of disease and chronic biliary graft failure may increase further [11, 13] , such diseases can recur even after a second LT. Some recent reports have noted that a second LT is associated with improved outcome [2, 4, 6-8, 10, 14] , and second transplant recipients can survive long enough to develop graft failure from recurrent disease [11] . These trends can lead to an increase in the number of patients with graft failure following second LT and requiring a third LT. In fact, the percentage of third LTs in our centre was 0.64 % (5/787) from January 1981 to December 1997 [15] , and then significantly increased to 1.93 % (15/778) in the period from January 2000 to December 2010.
For those with graft failure after a second procedure, a third LT is the only curative option. However, the issue of multiple LTs in a single patient is more controversial than second LT, as the growing discrepancy between the unchanging number of donor organs and rising number of potential liver transplant recipients has led to a dramatic increase in the number of patients on the waiting list and the duration of waiting, as well as number of deaths while on the list. Although it has been historically reported that an increased number of transplants in the same individual is related to worse survival [1, 6, 16, 17] , few recent reports have focused on the outcomes of third LTs. Careful analysis of the potential benefits of a third LT in light of recent improvements in surgical and medical treatments is essential to justify its role in the current era of organ shortage. Given the fact that a second LT is associated with decreased patient and graft survival as compared with a primary LT [2] [3] [4] [5] [6] [7] [8] [9] [10] , comparable outcomes between a third and primary LT cannot be expected. Thus, we evaluated the surgical aspects and short-and long-term outcomes of third LT in the present study, and compared them to those of second LT, which is currently regarded as acceptable despite its inferior outcomes as compared to primary transplantation.
MELD score and creatinine levels at transplant were similar between the two groups in our study. Although initially employed to predict short-term survival of patients with cirrhosis following a transjugular intrahepatic portosystemic shunt procedure [18] , the MELD model is now There were no significant differences in patient (p = 0.23) and graft survival (p = 0.10) between the second and third liver transplant groups used to prioritize patients on the transplant waiting list. However, the MELD score does not consider liver allograft characteristics, and thus, its use to predict the survival of candidates for repeat LT is controversial. Some reports have suggested that at a given MELD score, repeat LT might be associated with a significantly higher mortality rate than that associated with the initial transplant [10, 19] , while another study showed that at each MELD score, survival was worse for a second LT for the primary LT [20] . Others have also found that MELD greatly underestimates waiting list mortality among listed retransplant candidates [9] .
The operative time in the present study for the third LT tended to be longer than that for the second LT, though the difference was not significant. Furthermore, the amount of red blood cells transfused during the operation was similar between the two groups, even though the third LT was expected to be more arduous than the second. These findings are in accordance with those of other studies [21, 22] . The degree of adhesion due to the previous surgery might not be associated with the number of transplantations, which encourages proceeding with a third LT.
The correlation of recipient survival with elapsed time between transplantation and retransplantation has been confirmed in other studies [9, 23] . In the present study, the interval between the primary and third LT was significantly longer than that between the primary and second LT. This result indicates that the duration of immunosuppression and liver disease was longer in patients who underwent a third LT than in those who underwent a second LT. The extended periods of immunosuppression and liver disease may have contributed to the significantly higher graft loss seen in the early phase after transplantation in the third LT patients, despite having similar surgical aspects and MELD scores to the second LT recipients. A high mortality rate within 30 days after transplantation in third LT recipients has also been reported in another study [21] . Thus, medical care in the early post-transplant phase is thought to be essential to improve the outcome of third LT.
In our study, patient and graft survival after 1, 3, and 10 years in the third LT group were 66.7, 51.9, and 44.4 %, and 66.7, 51.9, and 29.6 %, respectively. There were no significant differences in patient and graft survival, and duration of hospital stay between the second and third LT recipients. These results are consistent with those of other studies [21, 22] .
Acceptable specific retransplantation survival rates, below which retransplantation should be avoided, have not been determined. It has been proposed that a 1-year survival rate of less than 40 % in repeat LT patients constitutes an unreasonable use of a donor organ when a primary LT recipient would be anticipated to have at least double the chance of survival [9, 11] . With these proposals in mind, we consider that a third LT is acceptable for patients with graft failure after a second LT.
Because of the limited number of patients in our study, we did not investigate risk factors related to the short-and long-term outcomes of third LT. Although numerous variables associated with outcomes of second LT have been suggested in some large studies [2, 3, 5, 6, 9, 23] ; few have evaluated risk factors specific to third LT outcomes. Taner et al. [22] reported that patients who received a graft with a donor risk index score greater than 1.6 at the time of the third LT had a significantly lower survival rate, but failed to find a significant impact of MELD score, or interval between second and third LT on patient survival after the third LT. To improve outcomes, further investigations with a larger cohort are necessary to identify risk factors related to patient outcomes based on patient and graft selection for third LT.
In conclusion, we found that a third LT provided acceptable short-and long-term outcomes that were not significantly inferior to those of second LT. Further, the technical aspects of third LT were found to be similar to those of second LT. Thus, third LT should not be precluded for ethical or clinical reasons. Improved outcomes can be obtained by appropriate patient and graft selection, along with careful patient care, especially in the early phase after a third LT, since perioperative graft loss in these recipients was significantly higher than that in second LT recipients. A larger study to identify risk factors specific to third LT and associated with poor outcome would likely help to improve patient and graft survival.
